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SL, SZ, TZ, UG, ZM, ZW), i-7V7 (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM), 3 — P V /< (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 



(54) Title: SWITCHING POWER SUPPLY APPARATUS 




AO 



10... CONTROL CIRCUIT 

< 

(57) Abstract: The present invention realizes a small-sized transformer and a switch that exhibits a zero voltage switching, thereby 
achieving a size reduction, an enhanced efficiency and a noise reduction. There are included a series circuit connected across a DC 
power supply (Vdcl) and comprising a primary winding (5a) of a transformer (T) and a main switch (Ql); a rectifying/smoothing 

f*T} circuit for rectifying/smoothing a voltage developed across a secondary winding (5b) when the main switch (Ql) is turned on; a 
series circuit connected across the primary winding (5a) and comprising an auxiliary switch (Q2) and a clamp capacitor (CI); a 
series circuit connected across the main switch (Ql) and comprising a diode (Dxl) and a snubber capacitor (Cx); a series circuit 

I/") connected to a junction between the diode (Dxl) and the snubber capacitor (Cx) and to a junction between the auxiliary switch (Q2) 
and the clamp capacitor (CI) and comprising an auxiliary winding (5x) and a diode (Dx2); and a control circuit (10) for alternately 
turning on and off the main switch (Ql) and auxiliary switch (Q2). During on-state of the main switch (Ql), the snubber capacitor 
(Cx) is discharged through the auxiliary winding (5x) into the clamp capacitor (CI). During off-state of the main switch (Ql), the 
snubber capacitor (Cx) is charged, thereby gentling the slope of a voltage rise of the main switch (Ql). 
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IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 



ItJjSmjf. (Vdc1) CDj^isBlcgi^^^. h^>X (T) <D-\X.mi& (5 a) iriX'f (Q1) i CDig^JleliS 

t, (QD 7b<7i->LfcB#ic2^#j» (5b) izmjiZHzn&zmTuw-m-tzmztw-mmmk. 1* 

«lt (5 a) 0>Mflll=tttt$n« raSbX-f (Q2) t^^aV^S/* (CI) t<Oi£5IJ|ilKt, 

f (QD «>Mftll(::1fttt$*i. (Dxi) i^/b>f>t (cx) ta>EMiHittt» y-fjf-K 

(Dx1) tXt/^>f^ (Cx) i fcMBbX-f 7f (Q2) ir^^^^n^^V-y- (CI) 

Wi&tizmmztt. msumtA (5x) ty**— k (d X 2) £aitaiiiiB£« iqd tmsh^^y 

T (Q2) t ^^SICTTV/Tr^^-tir-SfiJfflilElIK (10) ir^ffi^s iX'T-^^ (Q1) <D*>mz*.-)-/<=\ >7 

>^ (cx) (DMffi&tiiimmm (5x) ^Lt?7>^3>f>t (cd icj&mu (qd 
^aticx^/^ziv^^-y- (cx) ic*«*ft«*i±ix-f (qd comi±-tfia)M£-£Ji*[]£i±-5o 
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m m m 

[oooi] « x m^m. 'hm. ^^^^y^-^mmmmmir^ 

^T(D1^^5a(#mnl)^b-CMOSFET(J^T, FET^i-§ 0 

^-r^Qi^^tu iikWM5a(Dmma^, m.tnR2Rxf=i>T^-y-c2frb 

o ^vf^Qite, $|J^I[lIli&lOO(Z)PWM$lJ#^J;«9^/ / '^i-§J;5^oTV^ 

■So 

[0003] £fc. h7^T(Dl^C#^5a^h7^T(D2^:#^5b^«5:v^^^lt@mi±^^^ 
-t^&DKmmisnxm, h^^T(D2^#^5b(^to2)^«,^V^— KD1, D 

[0004] MHIS&100«, Bl^L^V^^itit-S^t/^h^^^b, ^it*gS}*, 

[0005] #ctei, i(^J;5^*^$^c^^^^*MS®<^»j^^lil2t^i-^-r5^^ 

[0006] *1\ B#£!|t31^:£>l^ QlffjlJWf ^J^^s^QltfS^U tfiMMVdc 
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mMniihm l ^QiibmmKmMt32^xmm(Dm^bbhKm.mm^m±^x^^< 

o 

[0007] B#^!|t31^^B#^lJt32-e{i, l^HSacD^-r^Ql^lJ^MM'Ji-^^, B. 

0 1 7kW^5ab 2#C#$|5b £ Fi HJ+g lOfco TV KD 1 — K#J ^ 

+#J^^fci6, 5b^Dl^Ll^C4^5b£S^#fgtv5 o 
[0008] #cfcU B#£iJt32^3oWC. Efc^fy^Qirix Qlfflffifs^fcX*), &>'ft.1fcfrb&Z7 

lft5bfc:teM&*bftV\/fc«>, ^V^-KD3^LT=3^Vi^C2t31#x.^§o 
[0009] itft^ R#£!|t32~ mMt33X*fe, ±^y?-Ql&jr7XhZ>tz.tf) , TOtQli&m^C 
#j^5a^tb6«toli«^^^a o fc*3, B#^Jt32d^B#^iJt33-t?«, L1^C4^ 

[ooio] r.©j;5'&x>ry^^«asa5gi!:j;tutf, x-r^mto (C2, R2) mi, 

l^^^^^m^S^Illj&^tH^ P. 27 02. 2 

##fF^m2:»7Kfpii^ri^^^^^v^w-^j^m^mm^ 2. 2. 

lfibJM=i>v^— * p30 ®2. 5 
[0011] U^Ufe/^fb, gH^i-^^^mMiSMt-feoT«, ^^VlK^^^ 

[0012] h^^T<Di^c#a5a^^tt^h^^Wm^«, H4^i-J;5i^ 
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Wfflh\zifrJ>VX j evi\z:t!:Z> 0 Bp*,, f7^T©«t[j:, I33^1-J;5^ b-h# 

[ooi4] ^0j{»fEMM^^i-§/cfe^j^T^*^ib/c o ft^i^pjfi, a:^ 
«0©w«sic:g8tt$^ h^v^i^^^^-ry^-^^^ij^^^tLfc^iii: 

[0015] m$&g2<D&m-?tz. mmmmm^. mmwm^y^^^xmmhy^ 

[ooi6] mMm3<D^mxn, mmmwm\mmt, mmhy>^<D27jkmmt3^kmmt 

=*>' j 7 t >~v-b<Dm6W.mm9&b. mffi2&&mbtim3fc&mb<Dmm&bwt$d,m 
mmy^—^bmm^m^r^b(DmmMbKmm^ntcm2mm^^r- 

[0017] m^M4(Dmmxi^ mmhy^<D^TKnmmb9^<Di^z^mbmm2^^ 
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[0018] mMm5<Dmm^te. muv^^^rcDm^cD-m^mmm^pt^^u^ 
[0019] mMm<Dmmxte. mmmm^mm^mm^ti. vy^^r^mut^^y^ 

t>mm^mm^ntcm2mm^t, mm^^y^mm-mmzn. mi^^r 

mmmm^t, mm^^y^tmm®^y^t&&KK*>/*7^m\m 

[0020] mMm&mxxn, mmmwmmmt, mm^y^^xmrn^mm^mm 
[0021] mM*M.8<Dmmxu, muby^(D^T{a^mmby^(Di7yimBtmm2iik^ 
Ml*^ll^^t^^fBl^#^MfB2^#a^®y-^-^^>^^i ^ 9^v^y 
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[0022] u±mm\^tcx^ *&m\zj:titt. ^nm^^y^^mmx^, &mtm 
[0023] h7>*<D^T<Dm^mw\*\±x,. h9^&^mk't~z>z-b&^z>o * 

[0024] [0i]igir*, mmvx^^ymMmm&^m&M&mx^Zo 
mx&z> 0 

msimtz. mmrnKD^y^-^mMmm^-rm^mmmxh^o 
[H6]gi6^, mmmi<D^y^^mmmm(D^m^n^m^(D^4v^^ 

—bxfo& 0 

[g|7]|2l7te, mMmKD^y^-^mM^m^^y^-Qlco^— l/^m<D&M 

msmsi^ mmmi<D*4iy^y*mumm<v^y?'Qi<D?-- >^m<D&^ 

[H9]|H9«, mMMl(D^4iy^>^M^U(^^y^-Ql(D^-~^ym^^^X 

■So 

[Hl0]g|lO«, ift^l^^f ^tHitO^T /z ^V^7^<DB-H#t£ 
[011] Hi If*. HJfe#!jl(D^-r^^^mM^M(^^T/i ^ ( ^v^h^^(DB-H#'|4 
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m 12] m 1 mmm i (D^y^-^mMmm^nnhntcb^^ \z.ffiti%m%t 
[Ensigns^ mmffl3<Dx^y^>>ymMmm&^irm&m}&m~?3bz> 0 

•So 

[g|18]|E|18{3\ ^Wiia^^^^^^Migg^^^^Qi^^^-^^NFCo^ 

[0025] i^r, ^m\^^^y^^nmmm<^mM<D^m^ mm&^mvxmm 

mmm i 

[0026] ^m^^^^m^®^ vji/^KmtyimmtWitf, ^^v^^ 

MJib^^Sr^^T^^^if nfJI^f^ (zvs) 
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[0027] msnmMWi&^y^ynMmM&m&m&m-zfrZo as^-r^-o^ 

[0028] h^^Tl(Dl^#H5a(D— iffifc^V^QKD— JB^^gSR^C^ttFETd^J&S 

^Cl^LT|ICa6«aSVdcl©jE*|Cg8Ki$^TVV5 0 t£*5, ^-lV^Q2<Z>fKte 
??^=i ^Vi^C 1 m^^SVdc 1 (D^ffi l^^tbTV vOfc J; V \ 

[0029] ;*^^Ql<DjM&;ite^^ 

^iK^OgN&ftfcfcltt, h7^Tl(DMi!]#a5x(##Cnx) hST^*— KDx2£<D 
Ht^HHHS^gSR^tbTV^o h^>-^Tl(DMib^ll5x«, ^fy^Q 1^^121=1 

TV>5 0 ^>-^Vi^Cx(D^M^S-r^^^J:<9 N J^^QlO^Bt^^^Q 
[0030] P^y^Q2<Dmiffi\a^y"4*—}?I)3&&mKW:M&nX\< ^ G *7C. ^t^KD 

[0031] h9^Tl©3T^r4, l^#^5a^(D#H^^j-L-C^lffi(D2^:#^5b(##Cn2 

KDl co^y— Kir2^^5bCDte*i: tt^^— KD2 fcgSKSJvCV ^V^" 
— KD2(D^^»yT^h7VL1^3^V^C4^(DE^JlHlB&^^$^TV^ 0 ^ 

-f*— KDi^-r^-— KD2^=t^Vihc4tyT^h/vLi^-es^¥^imj^^*^ 
i~5 0 '^^vf-c4«ii:^m^^#RL^m^;i-§o 

[0032] ftMWiai&lOH:, ^5/^Ql^^^Q2^^5l^^-^/^-7f|jlJ^IL, ^#RL(D 
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[0033] £fc. h7^Tl<D1^^5a^fi, il^#$(0#LV^^*^^^^f c fe^ 

[0034] ^(D/cfe, ^ife^!ll(Dh7^Tl{i, 37<Dli$;i ^Ki^^f-i:^ EHKC 

mi(D^iSKlW\\.Xm3L-tZ>o ^.(Dhy^TlXU, B-H^—y"±^mMB^Ba 
^BWBc^Bd^Be^Bf^Bg»!!jU $£3£OKj{1^eB^J£4bB£^-CV ^„ 
B-H^7 — ^_h(DBa-Bb K & OTf-Bg K tel&f W$MX$bZ> 0 
[0035] ^*d n gUCTTO, 37©I«*^ ^teV^^B-H^7— ^^LTV^^ n/ 

[0036] &^<D£5^*j&£;n<fcii^ 

m 12 \z.7^ir^^>^^ — h&mmistefthnmir^ m6UMMM i <D^y^> 
?mmmw:(D&^tetf%m^(D?4^y*^-hx&& 0 m7i^mmmi<D^y 

^ym^m^mm^mrm^^^y^^—vx^o 

[0037] /£*3, g|67?;M|E|8TO, ^^Ql^MWI^ftffiQlv, ^5/^Ql^^^« 
i5?CQli, ^y^Q2<DM»1?5 J fl;J£Q2v, ^^Q2^»l5m^Q2i, 

[0038] % B#£!|tl (B#^ijtll— tl2^*fj£) \Z.$o\^X, ^y^Ql^^^t, Vdcl 

£-frfcB# ^ N L 1^C4^D2^L 1 -em^^^tLT^ #RL ^l^i-§o 
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[0039] ^y^-Ql&^lstcm, h7^TlC01^C#^5a^m^nli^^^lT, h9 

>-XTl \^^;V3£— tf^X.hfrlZ>o ^.com^nim, 012^ 

[0040] l£/c, Z.(Db^ s =3^Vi^Cx«, ^y^QKDm±mj±lCjtm&tlX\^X, 

te, ^T^v^^V^Cl^iJiU =3^Vi^Cx(Dmi±Cxv{iifi3i:^S 0 r 

O) 1 1 ^Vf-CxOm^i^^^, h^^Tl CO 1 #C#7^5a «ib#^5x b <D ffl 
^^^^^^3^Vf"Cx^(D#|gjll5S#C^^$^ 0 
[0041] B#^ljt2(t21— 124) «oV^C, ^5/^Ql^^^§^, h^^TKDSfj^ 

ysffZy^b^ l*^?>^Cxb K X V fiX , ^y^-Q 1 (DmfcQ 1 v 

[0042] ^LT, ^^V^CxcDm^^^^^^^V^ClcDS^^lRim^ir^ofctt 

tlX\^< 0 £fc, ^<£>£^\ ^-T^Q2^^^^i^J;«9, ^-lV^-Q2te, ifnft 
ffi^^^-i:*^o Mnlite. I^ijt2^ib[^t20^:&l^-C «^gd(iEfg) 

^^«»e(ift2) i^tir^o Elll^^i-B-H^— Zf±T?te, mtete, Bd^Be 

[0043] *fc, h^^Tl^itl^^^^^cD^/^—CO^W^^Ti-^^. B#^ijt20 
— ^Jt3ld*3V>T, ^^^^^Clfc^fcfeh/fcSflftt, Cl^Q2^5a^C 

[0044] H#^Jt20— B#^!|t3^:JoV ^y^yfyfCl l^&kfrfc^/l^— &h 
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mtirz> 0 Hii^i-B-H^7-^_h-e«, MMfe, Be->Bf^£3£fbbTv>< 0 
{e)^m^i-§o Hiii^i-B-H^-^_h-e^, its, Bf^Bg^^^bL-cvK 

^Cxtf)^/!^- ^fg ^ -r§ 0 
[0046] gp^>. ^7^°='>-T : >i^Cl^#X.^tvfc^/V^— h^^TlCO^/V^— 

SJLT, IMW^(Bf-Bg) ^ML, m^tnli^ii^b, B#^!|t3(B#^Jtl^^|#)-C^ 

±bt£% 0 rn^nii^, ^y^-Q2(D^mmcomrmmxm±^xm, h9>-xr 
i<Dm$m<DmMxihz> 0 

[0047] r<D0#£lJt3«3\ ^^Q2(Dm»fEQ2i^^^:^^§ 0 ^<DB#£!J^ ^y=f- 

[0048] l£/c, ^^^Ql(^ZVS^jt^i-§/cfe(D^^^Q2(D^ii:Bf)<Z)S^^, ^y 

^v^(D^^bv^ 0 ^x\ mmmix^ ^^QiM^^m-m^, /Js*<f£;£ 

?41r- KDxl ^Ltn ^Vi^-Cx^M^lJ ^tt^PLTV >£ 0 

[0049] H9i^-ri5t-, ^^Vi^Cx<D^»^+^t-^<-r§^^{-J:«9^ ^fy 

^Ql(D^-7B#(D^5/^Ql(D^;ji_h#(D'fK^ (dv/dt) &^fu£lt&CDX\ 
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[0050] *fc. ^rcomm^n SriiKU J.o:a^^cx£;k:t<-t"5-£fc<fc^ =j^V 
MM 2 

[0051] 7ki^mm<Dmmm2<D*4iy^>?mmMm&nmir% 0 mi3i^mmm2(D^4 
^^mMmm^irm^mmmx^o mi3i^irmmm2(D^y^>^m 

[0052] h9^T2im, l^#^5a(#mnl)^2^#^5b(#mn2)^3^^5c(#m 

n3) tMHJ^^5x (tfnx) ^Hl£*b~0 >5 D 
[0053] h^>-^T2(D2^:^5b^3^:^5c^(Dil:^JIlI{^(DMffi^« N ^V^— bU6t^ 

^^Vi^-C4^(Dii:?IJ[lI{^^^$^ b -CV ^ 0 2^||5b£3^|!|5c£(D^^ 

&^||5a£2^||5bmp^@^#[ll£tu l^C#^5a^ilil#ll5x^^|R|^^ 
[0054] h^^T2(D2^C#^5b§rl^:#^5a^^^$-fr, 1^^5a^tF2^C#^5b 
*-f) ^ftffiLTV ^„ h7^T2(D3^C#^5c^l^#^5ai:^i*^$-fr-CV > 

•So 

[0055] roj;5i-«^$^fcll^^J2(D^^^^«Migg(Dll]^^SPj!i-S 0 S^ift 

[0056] ^f^QlSr^^S^ VdcW5a^Ql^Vdcl-em^E/5^tL§ 0 ^fc, 

^<DB#£!K^ h^^T2<D2^#$|5b^mJ£/^£U 5b^D5^C4^5b-eS^ 

^^tt^o rcDfcfe, ^v^-— KD5<Dm^^a:^w^ii^:i-So 
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[0057] ^y^Qltt?&1tZ>k, hy^T2(D17^mB5aRX^27jkWM5hf^<DV 

£th& 0 2#cflO-Ci3\ h9^T2©32fe^Mft5cl!l«EEdSfliB$tb5/t«). 5c^D6^C 
[0058] ^(D£5^ h^>^T2<Z) 1 #C^$|5a ff^J (-^^^S-f ^^^£>»:*;^< 

[0059] ai4{*^^!|2<Z)^^^m^^»^^^fett^h7^(D«5tE|-efe§o 01 
4^-rh7^*T2S3:, 0O^MCO=3T3O^^TU ^T30(D=3T$|330a^«, 

^°31^^§tL, ^M^T}-»2^^5b^[U$^-cv^ 0 7^*d\ M*3#^5x 

[0060] h^^T2(D=iT30^{ih9^T2cDl^:#^5a^2^:#^5b^^y— /r— 

h^^T2(Dl^a5a^3^#^5c^^i^C#a5 

£5 ^#[Hl$tL. h7^T2(D l^C#^5a^Mld#ll5xi:^ i^C#^5ai:2^:#^5b 
[0061] ^JH3T_htr_aol^#^5ai!2^a5b^(Dr H 1^, M30b^2@Jff?« 

^<D^(D^mfa-r^<DX\ ^rm^m^x^o 

[0062] i(Di5^, h^^T2(D3T(D^^^(DX^^J;<9,^^^mM^^/J- 

mmrn 3 
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[0063] m^^mcommmsfD^y^^mMmu^nmir^ mi5nmmms(D^4 

-KDl©lMJ±^¥tlLtiitllA^fRLtutiJ^t5 0 
[0065] im6te^«!j3(D;^;y^^tt|£g^ 01 
6^-rh7^*T3S3:, 0O^MCO3T4O^U = f T40(Z)=3T§|340a^«, 

V—^—^M^^^^mtz.^:X\^ 0 2#c#^5bte, vfcW$k5aJ&T$m$hW$t 

[0066] h^^T3(D3T40^{ih^^T3(Dl^:#^5a^2^:#^5b^^y— 

^^^^OJ;5t-#lHl$^, h9^T3<Dl^C^5a<bMl*#ll5x^^l^#^ 

5a^2^C#^5b^oy— ^r— i^^^^j^i^y— tr— *M^??z^7\m> 
[0067] ^£>J;5^ h^^TS^TcDftZytbWM&Jl^KXV.^y^^mMmm&'h 
[0068] 

mu^n<v&m^tfz>{n^r<D?4^y*^— hxfr& 0 mi8nnmim<DX4y 
^7m<D&mztetf%m^<Dmm&^?4^>y*^— bx&& 0 

[0069] ^*d\ 01 77^ 01 9X513, ^^Ql<DM»1(DmjiQlv, ^y^QlfcLfcfeft 
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T^V^Cx^tL^^ftCxK 3^Vl^Cx(DM»1<?>'aj£Cxv N #4*— KDlld 
[0070] El 177^0 19©^^^^— 067!fMll|8(D^5:^^— h^H&m# 

wrz> 0 

[0071] *i\ Bt^ijtl mMtll~tl4lCMlfc) fc*5WC\ Vdcl 
[0072] B#^ijt2(t21— 123) (£:}3l vf, ^jy^-Ql^^-fr-C. ^^V^Cx^J; 

xfcgfc&fafo^/l^— }3\ ^^^-Q2^^LfcR#^h9^T3(D2^:#^5b^ 

[0073] ^<Z)J;5^^»!l3(D^5/^^mM^g^*5V>Tt>, mMMKD^y^^m 

[0074] nc--Dcmmm<Dmmm& j $>Ac--Dcmmm 
<DmMmmz.mm»imx&z>o 
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^y^-rmmmUo 
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